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Objective: This study aims to investigate their correlation and predictive utility for in-stent restenosis (ISR) in patients with acute 
coronary syndrome (ACS) following percutaneous coronary intervention (PCI).
Methods: We collected medical records of 668 patients who underwent PCI treatment from January 2022 to December 2022. Based 
on follow-up results (ISR defined as luminal narrowing ≥ 50% on angiography), all participants were divided into ISR and non-ISR 
groups. The XGBoost machine learning (ML) model was employed to identify the optimal predictive variables from a set of 31 
variables. Discriminatory ability was evaluated using the area under the receiver operating characteristic (ROC) curve (AUC), while 
calibration and performance of the prediction models were assessed using the Hosmer-Lemeshow (HL) test and calibration plots. 
Clinical utility of each model was evaluated using decision curve analysis (DCA).
Results: In the XGBoost importance ranking of predictive factors, LMR and RC ranked first and fourth, respectively. The AUC of the 
entire XGBoost ML model was 0.8098, whereas the model using traditional stepwise backward regression, comprising five predictive 
factors, had an AUC of 0.706. The XGBoost model showed superior predictive performance with a higher AUC, indicating better 
discrimination and predictive accuracy for ISR compared to traditional methods.
Conclusion: LMR and RC are identified as cost-effective and reliable biomarkers for predicting ISR risk in ACS patients following 
drug-eluting stent (DES) implantation. LMR and RC represent cost-effective and reliable biomarkers for predicting ISR risk in ACS 
patients following drug-eluting stent implantation. Enhances the accuracy and clinical utility of ISR prediction models, offering 
clinicians a robust tool for risk stratification and personalized patient management.
Keywords: Lymphocyte-to-monocyte ratio, residual cholesterol, XGBoost, machine learning, in-stent restenosis, drug-eluting stent

Background
Coronary artery disease (CAD) affects around 200 million individuals worldwide, standing as a prominent contributor to 
chronic disease-related mortality.1 Percutaneous coronary intervention (PCI) with drug-eluting stent (DES) implantation 
has become the cornerstone for CAD treatment, particularly in acute coronary syndrome (ACS) cases.2 Technological 
advancements have substantially reduced ISR rates, transitioning from 20–30% during the bare-metal stent (BMS) era to 
the current 3% with second-generation DES.3 Despite these advancements, ISR remains a significant challenge, 
necessitating better predictive tools to identify patients at high risk. In the context of over a million annual PCIs in 
China, deciphering the interplay of inflammation, lipid disturbances, and residual cholesterol becomes crucial.4
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Recent studies have highlighted the need for refined biomarkers and models to improve risk prediction and management 
of ISR. Even in the DES era, inflammation and lipid imbalances continue to underpin PCI failures.5–7 Systemic chronic 
inflammation, characterized by low-grade, non-infectious homeostatic imbalance, is intricately linked to alterations in lipid 
metabolism.8 During acute inflammatory phases, elevated triglyceride (TG) levels and decreased high-density lipoprotein 
(HDL) levels are observed.9–11 Lymphocyte-to-monocyte ratio (LMR) emerges as a novel inflammation biomarker,12 while 
triglycerides and high-density lipoprotein cholesterol serve as indicators of cardiovascular mortality risk.13

Residual cholesterol (RC), the cholesterol content in triglyceride-rich lipoproteins, plays a pivotal role. Calculating 
residual cholesterol involves subtracting total cholesterol (TC) minus HDL minus low-density lipoprotein (LDL).14 Prior 
studies have underscored inflammation’s formidable predictive role in cardiovascular disease occurrence and mortality.15 

For instance, recent research has shown that residual cholesterol and inflammatory markers are significant predictors of 
cardiovascular outcomes, which aligns with our study’s focus on ISR. This study aims to address gaps in current ISR 
prediction models by incorporating novel biomarkers such as LMR and RC, which have shown promise in recent 
literature. In recent years, heightened attention has shifted towards the lipid profile as a critical cardiovascular risk factor 
and predictor.16

This study aims to address gaps in current ISR prediction models by incorporating novel biomarkers such as LMR 
and RC, which have shown promise in recent literature. RC, encompassing non-fasting VLDL, IDL (Intermediate- 
Density Lipoprotein), chylomicron remnants, fasting VLDL, and IDL, emerges as a key player.17 Elevated RC levels 
significantly contribute to atherosclerosis, instigating cardiac metabolic abnormalities.18 Furthermore, a compelling body 
of research has established a noteworthy correlation between RC and adverse cardiovascular events.19 This prompts the 
belief that both inflammation and lipid profiles intricately intertwine with the severity and prognosis of cardiovascular 
diseases, including ISR. The motivation behind this research is to enhance the predictive accuracy of ISR by integrating 
machine learning techniques and novel biomarkers. By incorporating LMR and RC into prediction models, our study 
aims to improve risk stratification and patient management in ACS cases.

Methods
According to the Declaration of Helsinki, this study received approval from the Ethics Committee of Enshi Tujia and 
Miao Autonomous Prefecture Central Hospital. The ethical approval number is 2023-070-001. The committee does not 
require patient consent for the review of medical records, thus patient informed consent was not necessary for this 
retrospective study. Nevertheless, to ensure ethical compliance, we have provided the editor with the approval certificate 
issued by the ethics committee. Firstly, this study solely collects clinical case data, ensuring no adverse effects or harm to 
patients. Secondly, the patient data utilized in this study is anonymized, with anonymization conducted prior to data 
access and analysis. Consequently, it is permissible to review patient medical records without prior consent. A total of 
699 patients who underwent PCI surgery at Enshi Tujia and Miao Autonomous Prefecture Central Hospital between 
December 2021 and January 2023 were retrospectively selected for this study. The primary exclusion criteria included 
a history of coronary artery bypass grafting, heart failure, acute infections, inflammatory diseases, structural heart 
diseases, and renal or hepatic dysfunction, as well as patients with incomplete follow-up within 6–12 months 
(Figure 1). ISR defined as ≥ 50% luminal narrowing on vascular imaging during follow-up.

All baseline demographic, clinical, biochemical, and angiographic details of the patients were collected. Demographic 
and clinical data included age, gender, diabetes status, history of stroke, smoking habits, and postoperative medication (such 
as ACE inhibitors, beta-blockers, etc). Biochemical indicators comprised platelet distribution width (PDW), mean platelet 
volume (MPV), hemoglobin (Hb), alanine aminotransferase (ALT), creatinine (Cr), among others. Angiographic informa-
tion recorded details about the number of stents and characteristics of the diseased vessels. All patients underwent DES 
implantation at the Enshi Autonomous Prefecture Central Hospital. Patients were categorized into ISR and non-ISR groups 
based on follow-up results from angiography. The LMR was calculated as lymphocyte count divided by monocyte count.

Student’s t-test was used to compare normally distributed continuous variables, while chi-square test or Fisher’s exact 
test was utilized for categorical variables. For skewed distributions, data were represented using the interquartile range 
(IQR), and the Mann–Whitney U-test was employed for assessment. The data were divided into training and validation 
sets in a 3:7 ratio, with the former used for model training and the latter for validation. KNN imputation method was 
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employed to handle missing data to avoid selection bias. All variables from univariate analysis were included in logistic 
regression (stepwise regression). XGBoost, a gradient boosting algorithm, was used to incorporate all variables from 
univariate analysis into the model. The GDM model trained on the training set was validated on the test set using 10-fold 
cross-validation with the best hyperparameters. Finally, the discriminatory ability of the models was evaluated using 
receiver operating characteristic (ROC) curves and the area under the ROC curve (AUC). Calibration was evaluated for 
each model using calibration plots and the Hosmer-Lemeshow (HL) test. Decision curve analysis (DCA) was introduced 
to assess the clinical utility of the models. Statistical analysis was performed using R version 4.3.2.

Results
Baseline Characteristics
Table 1 shows that the baseline characteristics of this study included 549 participants with in-stent restenosis (ISR) and 119 
participants without ISR. In the ISR group, the proportion of males was 69.4%, while in the non-ISR group it was 81.5%, 
indicating a significant difference in gender distribution (P = 0.008). There were no significant differences observed in the 
distribution of lesion sites, including the left main, left anterior descending, left circumflex, and right coronary arteries. Among 
clinical parameters, there were no significant differences between the two groups in terms of stroke history, multivessel 
disease, diabetes, hypertension, or the use of β-blockers and ACEI/ARB medications. The median age and Gensini score were 
similar between the ISR and non-ISR groups, with no significant differences observed. However, a significant difference was 
noted in smoking status between the two groups (P = 0.043), with a higher proportion of smokers in the non-ISR group. 
Laboratory parameters revealed significant differences only in RC and ALT levels between the two groups. Regarding blood 
parameters, there were no significant differences observed in platelet distribution width, mean platelet volume, red cell 
distribution width, platelet count, hemoglobin, neutrophil count, or white blood cell count between the two groups. Patients 
with ISR exhibited higher LMR and RC levels. Furthermore, smoking was associated with a higher incidence of ISR. Male 
gender and abnormal ALT levels were also identified as risk factors for ISR (P < 0.05).

Figure 1 The selective procession of the participants.
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Model Development
The prediction model constructed using logistic regression (LR) utilized five predictive factors, namely gender, PDW, multi-
vessel disease, LMR, RC, and PDW (Table 2). Eventually, ten predictive factors were included in the XGBoost machine learning 

Table 1 The Baseline Characteristics of the Subjects Between ISR Group and Non-ISR Group

Characteristics Non ISR (n=549) ISR (n=119) P-value

Gender =1 (%) 381 (69.4) 97 (81.5) 0.008*
Left main stem=1 (%) 43 (7.8) 6 (5.0) 0.29

Left anterior descending branch=1 (%) 510 (92.9) 111 (93.3) 0.883

Left Circumflex branch=1 (%) 355 (64.7) 72 (60.5) 0.392
Stroke =1 (%) 43 (7.8) 16 (13.4) 0.05

Right Circumflex branch=1 (%) 378 (68.9) 83 (69.7) 0.848

Multi-vessel lesions=1 (%) 437 (79.6) 87 (73.1) 0.119
Diabetes =1 (%) 123 (22.4) 28 (23.5) 0.79

B-block=1 (%) 341 (62.1) 75 (63.0) 0.852
ACEI/ARB=1 (%) 440 (80.1) 96 (80.7) 0.896

Age (median [IQR]) 61.00 [53.00, 68.00] 63.00 [52.50, 68.00] 0.636

Gensini score (median [IQR]) 60.00 [40.00, 100.00] 60.00 [40.00, 90.00] 0.237
Hypertension =1 (%) 290 (52.8) 66 (55.5) 0.601

Smoking =1 (%) 309 (56.3) 79 (66.4) 0.043*

Creatinine (median [IQR]) 71.10 [61.40, 83.90] 70.80 [60.55, 84.40] 0.634
RC (median [IQR]) 0.55 [0.37, 0.78] 0.58 [0.41, 0.92] 0.03*

Triglyceride (median [IQR]) 1.46 [1.05, 2.02] 1.47 [1.13, 1.98] 0.819

Uric acid (median [IQR]) 347.39 [296.00, 419.73] 359.63 [296.22, 413.98] 0.536
PLT (median [IQR]) 187.00 [155.00, 228.00] 183.00 [158.50, 223.00] 0.757

MPV (median [IQR]) 10.70 [9.80, 11.80] 10.60 [9.75, 11.65] 0.722

PCT (median [IQR]) 0.20 [0.17, 0.24] 0.20 [0.17, 0.23] 0.794
PDW (median [IQR]) 16.30 [16.10, 16.60] 16.30 [16.10, 16.55] 0.23

RDW (median [IQR]) 12.90 [12.50, 13.40] 13.00 [12.65, 13.35] 0.51

ALT (median [IQR]) 0.62 [0.45, 0.95] 0.55 [0.40, 0.78] 0.037*
Hemoglobin (median [IQR]) 138.00 [126.00, 150.00] 140.00 [129.00, 150.00] 0.395

AST (median [IQR]) 26.00 [21.00, 43.00] 25.00 [21.00, 37.00] 0.619

TBIL (median [IQR]) 12.60 [9.70, 16.30] 12.60 [9.10, 16.30] 0.974
DBIL (median [IQR]) 4.00 [3.30, 4.90] 4.00 [2.75, 4.92] 0.525

LMR (median [IQR]) 2.98 [1.11, 4.50] 3.97 [2.75, 4.90] <0.001*

Neutrophil (median [IQR]) 4.40 [3.35, 6.02] 4.37 [3.45, 5.68] 0.574
Leucocyte (median [IQR]) 6.80 [5.46, 8.32] 6.83 [5.66, 7.95] 0.828

Note: *P<0.05. 
Abbreviations: PDW, platelet distribution width; MPV, mean platelet volume; RDW, red cell distribution width; PLT, 
platelet; ALT, Glutathione aminotransferase; AST, glutathione transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; LMR, 
Lymphocyte monocyte ratio; PCT, Platelet accumulation; RC; residual cholesterol.

Table 2 Five Predictors are Included in the Model Using Stepwise 
LR in the Training Set

Variable OR 95% CI P-value

Gender 2.678 0.2397 1.786 0.012*

Right Circumflex branch=1 (%) 2.583 0.084 1.908 0.04*
Multi-vessel lesions=1 (%) 0.4385 1.77 0.0769 0.078

Lymphocyte monocyte ratio 1.339 0.16 0.43 <0.001*

Platelet distribution width 0.4765 1.71 0.212 0.13
Residual cholesterol 2.5 0.327 1.5 0.002*

Note: *P<0.05.
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(ML) model. Figure 2 illustrates the relative importance of these ten variables in the GDM prediction model using XGBoost ML. 
For data from the training set, the AUC of the ISR prediction model using stepwise backward LR was 0.706 (Figure 3), while the 
AUC using the XGBoost ML model was 0.877 (Figure 4). The specificity of the model using XGBoost ML was higher than that 
of the model using traditional LR. Consequently, the sensitivity of the model using XGBoost ML was lower than that of the 
model using traditional LR. The calibration curves and decision curve analysis plots demonstrate the consistency between 
predicted values and true outcomes, as depicted in Figures 5–8. In the LR model, the p-value of the HL test for the training set was 
0.337, while for the XGBoost ML model, it was 0.06. The DCA plot indicates a favorable net benefit in the XGBoost ML model.

Discussion
Our model development process involved constructing prediction models using LR and XGBoost ML. LR model utilized 
five predictive factors, while XGBoost ML model incorporated ten predictive factors, including LMR and RC. Notably, 
XGBoost ML model demonstrated superior discrimination ability, as evidenced by its higher AUC compared to the LR 
model. Additionally, the specificity of the XGBoost ML model was higher, although its sensitivity was lower than that of 
the LR model. Calibration curves and decision curve analysis further validated the predictive performance of both 

Figure 2 Relative Importance of the Top 10 Variables Included in the XG Boost ML Model for In-Stent Restenosis in the Training Set.

Figure 3 The AUC of the prediction model for ISR by stepwise LR.
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models, with the XGBoost ML model exhibiting a favorable net benefit. The validation procedures for the XGBoost 
model included rigorous cross-validation techniques, which enhanced the reliability of the model’s performance 
estimates. The findings of our study highlight the potential utility of LMR and RC as biomarkers for predicting ISR 
risk in patients with ACS. These biomarkers provide valuable insights into the inflammatory and cholesterol-related 
pathways underlying ISR development. Furthermore, the application of machine learning techniques, such as XGBoost 
ML, enhances the predictive accuracy of ISR risk models, offering clinicians a robust tool for risk stratification and 
patient management.

This study explores the significant roles of dyslipidemia and inflammatory responses in cardiovascular disease 
progression. It specifically investigates the correlation between LMR and RC with ISR, a complex process involving 

Figure 4 The AUC of the prediction model for ISR by XG Boost ML.

Figure 5 The calibration plots of the training set by LR.
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inflammation and lipid accumulation.20 Chronic inflammation is crucial in cardiovascular diseases, while lipid protein 
accumulation promotes atherosclerotic plaque formation.21 The key finding is that LMR and RC independently act as risk 
factors for ISR after DES implantation.

From a clinical perspective, integrating LMR and RC into routine risk assessments could help identify patients at 
higher risk for ISR, leading to more personalized treatment strategies. LMR, a novel circulatory inflammatory biomarker, 
is crucial in predicting adverse outcomes in cardiovascular patients.22 New composite inflammatory ratios outperform 
traditional markers, with inflammation promoting plaque development. T-lymphocytes, macrophages, and interleukins 
within plaques play essential roles in cardiovascular diseases.23 Prolonged inflammation leads to smooth muscle cell 
proliferation and neointimal hyperplasia, causing ISR.24 While LMR predicts survival in malignancies,25–27 its role in 

Figure 6 The calibration plots of the training set by XG Boost ML.

Figure 7 The DCA of the model using LR.
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coronary artery diseases is less explored compared to NLR.28,29 Our study addresses this gap, emphasizing LMR’s 
predictive value in coronary artery disease. RC represents cholesterol in triglyceride-rich lipoproteins, contributing to 
atherosclerosis similar to LDL.30 Elevated RC can infiltrate arterial intima, leading to localized cholesterol accumulation, 
atherosclerosis, neointimal formation, and ISR.31 Growing evidence highlights RC as a significant risk factor for 
atherosclerosis and ISR.32–34

The biological mechanisms underlying the association between LMR, RC, and ISR involve complex interactions 
between inflammatory and lipid pathways. While most clinical studies on in-stent restenosis (ISR) focus on lipid profiles, 
limited attention is given to the combined impact of lipids and inflammation.17,35,36 Research confirms that residual 
cholesterol infiltrates arterial walls, sparking an inflammatory response.37 Triglycerides in arterial walls induce local or 
systemic low-grade inflammation.38 Elevated TC in the cardiovascular system contributes to systemic inflammation. As 
lipid metabolism abnormalities progress, increased residual cholesterol concentration leads to extensive arterial wall 
infiltration, promoting foam cell formation and triggering systemic inflammation. This cascade culminates in adverse 
cardiovascular events, including in-stent restenosis.

In recent years, various models for predicting ISR have emerged, but our study pioneers an ISR prediction model 
based on LMR and RC. The constructed model exhibits excellent sensitivity and accuracy, providing a convenient tool 
for assessing ISR risk post DES implantation using readily available parameters. Our findings guide targeted populations 
for coronary angiography follow-up, potentially preventing adverse cardiovascular events and improving long-term 
patient prognosis. Additionally, prioritized follow-up for patients with elevated LMR or RC levels may reduce economic 
and clinical burdens associated with regular check-ups.

However, our study has limitations. It is single-center, introducing potential selection bias, and the voluntary nature of 
patient follow-up may limit generalizability. The relatively small sample size and nonsignificant differences in some 
clinical variables underscore the need for larger, more comprehensive studies. Future research should focus on multi- 
center studies to confirm our findings and evaluate the impact of potential biases. Despite these limitations, the study 
remains clinically significant, identifying LMR and RC predictive value for ISR.

Conclusion
LMR and RC are independent risk factors and potential predictive factors for ISR. Utilizing these inexpensive and 
readily available clinical markers to predict ISR incidence can enhance the long-term prognosis of CAD patients and 

Figure 8 The DCA of the model using XG Boost ML.
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improve their quality of life. Further studies should aim to validate these findings in diverse populations and explore the 
mechanistic pathways linking these biomarkers to ISR.
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